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ABSTRACT
Thermal Systems and Design (MECH 300) is a three-credit course for junior students at the Department of
Mechanical and Materials Engineering (MME) at the University of Nebraska-Lincoln, which is taught
every fall and spring semester. The usual enrollment in this course is about 40 undergraduate students most
of whom are junior or sophomore students from the MME department. This course plays a significant role
in completing students’ learning from MECH-200 and linking that to more advanced systems and real-life
applications. There are two purposes for this portfolio. The first aim is that this portfolio serves to collect
and document the author’s effort and approach in teaching while providing great means for the author to
reflect on and improve. The second purpose of this portfolio is to describe and evaluate a new approach to
defining and delivering the mandatory course project. In this new approach, a very modern project topic
from the applications of thermodynamics in the industry is selected to familiarize students with the state of
the art. In addition, the students are required to use commercial software for the design and analysis of the
course project. The goal here is to encourage them to learn new skills and tools to perform better and faster
in the analysis of thermal systems and at the same time get equipped with the packages that are commonly
used in the industry. The results show that in the Spring 2021 semester, the students expressed very high
favorable opinions regarding the project that was designed and implemented. Even though the students
expressed added stress due to dealing with an in-depth project and new software, they clearly expressed
their satisfaction as a result of the confidence they found by handling a real-life project.
Keywords: Undergraduate teaching, curriculum, engineering thermodynamics, thermal systems and
design, course project.
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1. Objectives of Course Portfolio
This portfolio has two main objectives. First, this portfolio serves to document and present the author’s
systematic approach to designing the course and teaching activities while providing the chance for the
author to monitor the outcomes and reflect on them to further improve. Second, the portfolio evaluates the
efficiency of a new teaching method (compared to previous semesters with other instructors) including a
group-project approach for delivering some of the materials to the students. In this approach, teams of 4
students will be formed with an assigned project. Each team is responsible for the comprehensive design
and analysis of a thermal system. By the end of the course, the students will have to deliver a written formal
report and an oral presentation for 10-15 minutes. The report will be reviewed in detail by the instructor
while the oral presentation will receive feedback from other peer students (and other teams) and the
instructor. The final grade of the students will be comprised of their peers' feedback and the instructor
review which includes other quizzes and homework assignments throughout the semester. This new
approach will be evaluated based on the student’s evaluations and other peer’s feedback.
2. Benchmark Memo 1: Course Description, Goals, and Learning Objectives
2.1. Description of the Course
MECH 300 (Thermal Systems and Design) is a junior-level elective course that applies the knowledge from
the MECH 200 (Engineering Thermodynamics) to more advanced thermal systems and is considered a
requirement by ACE for the students who want to proceed with a design focus in their degrees. This course
will be taught in Spring 2021 on Tuesdays and Thursdays. The student body is usually a mixture of junior
and senior students in the mechanical and materials engineering department and about 45 students enroll in
this course every semester. The students must have passed MECH 200 and at least be familiar with one of
the common programming software like EES or MATLAB. This information is included in the course
syllabus (Appendix 6.1).
The content of this course covers the basic principles of thermodynamics with an engineering approach and
how to apply them to a wide variety of engineering systems and devices. The main focus of the course is
on the detailed analysis of various thermal engineering systems where the thermal cycles are always a
necessary component. The course will start with a review of the main laws of thermodynamics to refresh
the students’ minds on the topics they learned in MECH 200 and to ensure everyone is on the same page in
terms of basic principles. Afterward and early in the semester, a unique thermal system design and analysis
project will be assigned to every team consisting of 3 to 4 students. Each team will be responsible to design
and perform a comprehensive thermal analysis on the given system. Teams will be formally reporting their
progress throughout the semester as they complete their design and analysis skills by attending lectures and
participating in other class activities. It is hoped that the students will benefit from participating in a group
project where they learn to improve their communication, management, and sense of responsibility skills.
By the end of the semester, students are required to have accomplished their team projects and deliver a
formal written report along with an oral presentation in front of their peers.
2.2. Goals for the Course
The overall goal for the course is for the students to learn how to analyze various thermal systems using
fundamental laws of thermodynamics while incorporating appropriate assumptions for the current problem
or system. This goal incorporates both the ability to perform the analysis as well as the ability to determine
the appropriate assumptions before performing the analysis. In addition to this goal, the instructor wants
students to build strong interpersonal skills through working in teams on assignments and in-class
worksheets. Two other goals for the instructor are for the students to retain the knowledge and abilities that
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they acquired during MECH 200 and the current course and to be able to identify and correct mistakes in
someone else’s work.
2.3. Course Learning Objectives
The course learning objectives are described below. The learning objectives for this course were not
affected by the COVID-19 pandemic. By the end of this course, the students will be asked to demonstrate
their knowledge of the material covered in this course through their mastery of the following course
objectives. Through the study of this course the students will be able to:














Sketch figures of different thermodynamic systems and control volumes;
Sketch process diagrams for the processes occurring within systems and control volumes;
Develop the governing equations for conservation of mass, conservation of energy, and process
relations for processes occurring in systems and control volumes;
Determine the required thermodynamic properties from tables for real substances, and equations
of state for ideal gases, substitute these property values with units into the governing equations
and simplify;
Analyze ideal gas power cycles to perform energy balances, determine the heat and work
transfers, and calculate the cycle efficiency;
Analyze steam power cycles to perform energy balances, determine the heat and work transfers,
and calculate the cycle efficiency;
Analyze vapor compression refrigeration cycles to perform energy balances, heat and work
transfers, and calculate the cycle coefficient of performance;
Calculate properties of ideal gas mixtures;
Determine the properties of dry air-water vapor mixtures, plot processes on a psychometric chart,
and perform energy and mass balances by analyzing the processes;
Determine balanced chemical reaction equations and analyze typical combustion processes to
perform energy balances;
Apply the results of chemical equilibrium analysis to write balanced chemical reaction equations
and to model energy balances for reaction systems;
Apply the concepts of thermodynamic property relations to ideal gases.

3. Benchmark Memo 2: Teaching Methods and Course Activities
Due to the COVID-19 pandemic, the course will be taught in a hybrid mode with more focus on
synchronous in-person learning activities.
3.1. Teaching Method, Course Materials, and Outside Activities Used
The course will be set up to split in-class activities between lectures and team works (or worksheets). Since
this course will be taught on Tuesdays and Thursdays, the lectures will be delivered mainly on Tuesdays
and the following session on Thursday will be dedicated to team works and assignments. The lectures will
be taught in person while streaming online via Zoom for those who are not present in class. The notes and
slides (Appendix 6.10) for each lecture will be posted on CANVAS such that students can follow the
lectures and add any notes or explanation needed to the posted slides. In the lecture notes posted for
students, there are some blank spaces left intentionally to be filled and completed by students during lecture
times. This way, they will remain more engaged and participate in our lectures. All lectures will be recorded
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and posted right after each session to ensure all students have unlimited access to the class materials and
discussions throughout the semester.
The course consists of two formal midterm exams, which are held on Thursdays, and a cumulative final
exam held during the scheduled slot in the final exam week. The exams are designed in a way to cover
different topics taught in class and the level of difficulty and complexity slightly increases as the course
progresses. The first midterm is designed to cover everything taught on individual thermal systems such as
turbines, compressors, evaporators, and condensers. The second midterm (Appendix 6.8) is designed to
cover everything taught on gas-power cycles and second-law analysis; the final exam addresses the entire
content of the course. Each exam will be accompanied by a practice/review exam that will be provided to
the students and discussed in class on the Tuesday before the exam. All the exams will be open-book, opennotes, and students are allowed to use any type of calculator. The students are not allowed to discuss the
exams or work together in any capacity during the exams.
The other activities used outside this course are the homework assignments (Appendix 6.6), assigned
reading from the journal article about their team projects, and handouts about their progress on the team
project. Homework problems serve as the only consistent activity outside the class. The students are
required to work on the project worksheet in their teams and submit only one completed worksheet on
behalf of their entire team. The solution to homework assignments (Appendix 6.7) is provided the next day
of deadline. In addition, there are quizzes to help review some earlier materials (Appendices 6.4, 6.5)
3.2. The Rationale for Teaching Methods
This class is set up in a way to avoid the monotony of only lecturing by integrating a design project element
as a team activity. This should help more students to engage during the lecture times as well as to enhance
the overall learning experience. The lectures are designed with short breaks incorporated approximately
every 20 minutes to give students a chance to reset their minds before continuing the lecture. The breaks
also provide an opportunity for both the students and the instructor to reflect on what was just covered in
the lecture and to address any questions that come up as a result of that reflection.
The team worksheets are designed to help the students grow their interpersonal skills by working together
to learn and complete the project assignment. The worksheets also provide opportunities for students to
explain their work and help teach each other, which helps the team build a strong bond that will, hopefully,
extend beyond the classroom. Since the worksheets are graded on how the team works together and not on
completion, the students are more likely to work together than simply rush ahead and complete the
worksheet while the group is left behind. For the instructor, the worksheets provide a break from lecturing
and allow for greater interaction with the students, which produces a more pleasant outcome and feeling of
success than only lecturing.
The rationale behind the homework problems is that they are intended to reinforce the learning objectives
outside of the classroom. The homework problems are chosen to be more complicated than the examples
covered in class such that students are encouraged to do a little extra work to find the right solutions. This
will hopefully result in more students showing up for office hours to improve their problem-solving skills.
All the homework problems are designed by the instructor to avoid cheating by some students who tend to
use some websites for common textbook solutions.
The rationale for the examinations is to measure and evaluate student learning in a formal setting without
external aids. The rationale for allowing unlimited notes and resources is to encourage the students to
establish a deeper understanding of the course materials instead of being concerned about memorizing or
condensing the equations into a sheet of paper. This should give them the confidence that they have all the
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needed information and equations available to them, now is the time to rely on their skills and
understanding. This rationale is based on the author’s own previous experience as a student; the author has
not investigated the literature to determine the effectiveness of this method.
The students will be allowed to access the practice exam solutions and other materials for three reasons.
First, restricting access creates unnecessary pressure and stress for the students by forcing them to check
the solutions in a certain timeframe that may not be suitable in their current situation due to the pandemic.
Second, some students might record the solutions using screen-capture software or physical cameras, and,
since there is no way for the instructor to police this, it potentially provides some students with an unfair
advantage during the exam. Thus, permitting access to the solutions during the exam provides all students
with a level playing field. Third, allowing the students to access the solutions during the actual exam
increases the likelihood that they will absorb and apply the information contained in the solutions. The idea
is that by accessing the solutions while working the exam – i.e., during a time when they actually need the
information – they are more likely to engage higher cognitive processes by applying the information instead
of just trying to memorize it.
3.3. Implementation of New Course Project Approaches and Rational
This portfolio qualitatively evaluates the effectiveness of a new approach to delivering the course project
in MECH 300. In this new approach, the students are asked to form groups of 4 and to announce their
groups after 2 weeks from the start of the semester. Once the groups are formed and the students are given
a chance to know all their team members, the topic of the project will be defined and discussed step by step
in class and integrated into the lectures. First, the topic is introduced in a very general manner with a few
examples of its real-life application right now. For the Spring 2021 semester, the topic of the project is
“Ocean Thermal Energy Conversion (OTEC)”. This topic was introduced by playing a 3-minute video of a
new OTEC system operating in tropical areas around Hawaii. All students seemed to like the idea of OTEC
and watching a real large-scale application of thermodynamics in practice. In the next sessions, more
information about the operating principles of OTEC was integrated into lectures. After about 6 weeks of
class, the official formal project description and the requirements were given to the students (Appendix
6.2). This gave them a chance to then know exactly what the tasks are and how their work will be graded.
Even though the project was fully defined and given to the students, the discussion about a different aspect
of the project and the best way to perform analysis of OTEC was a constant element of our lectures. In this
project, students were required to perform thermal analysis using Engineering Equations Solver (EES),
which is a commercial software suitable for performing various thermodynamics-related calculations. The
software includes all the thermodynamics tables and charts which makes it very powerful and effective in
more complex systems (Appendix 6.3). This software was not originally available on campus and the author
was able to get the software installed on all the computer labs at MME after getting the approval for the
purchase from the chair of the department.
There have been several reasons for choosing this software and in general asking students to work with
that. First, it has been known and discussed within our college of engineering that our undergraduate student
body is operating poorly when it comes to doing some coding or calculations using software like Matlab.
This is mainly because they are not exposed enough to situations where they need to use Matlab and this
learning opportunity has been very shallow and inconsistent. EES is very similar to other engineering
programming languages and this should help students to reinforce their learning about the logic behind all
these programming tools. Second, EES is a very powerful tool that is commonly used in various industrial
sectors to perform thermal analysis. The students seem to enjoy the idea of experiencing what tools and
software are being used currently in many engineering companies. This also gives them the confidence that
the successful accomplishment of this project can mean they are prepared to tackle more serious problems
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with real applications. At the same time, they can claim proficiency in EES in their resumes which improves
their chances of being noticed by the recruiters.

4. Benchmark Memo 3: Analysis of Student Learning
This section focuses on determining the effectiveness of the new approach to delivering the course project.
Furthermore, the exam scores and statistics from the Spring 2021 semester are provided.
4.1. Analysis of Mid-Semester Students’ Feedback
In a simple survey in the middle of the semester, the students were asked to participate in a fully anonymous
survey to receive their feedback on the class activity and their learning process. They were asked to provide
feedback about two questions: (i) What has been most helpful for your learning in this class so far? (ii)
What suggestion(s) can you make that would enhance your learning experience in this class?
The following two tables show their answers to these questions.
Question 1

What has been most helpful for your learning in this class so far?
Answers
I believe having a lot of examples done fully in class is very helpful as the topic is difficult. This allows
for seeing different applications as well as allow for continued practice.
Fundamental knowledges are well explained during the lecture time, the examples are also helped
me to understand and use those knowledges.
The examples we go over in class and the class discussion.
The lecture structure is perfect with the amount of examples we do, along with the extra review
session we did for last midterm are both great learning experiences!
In person lectures - Dr Ghashami is awesome.
I like the recorded lectures
Everything is good so far. Especially, the recorded video as students could review the lecture later on.
I think it is very helpful when you go through step by step on how to solve the problems so we can
follow along and ask questions
I think that the exam study session for the last exam was really helpful. I also think that giving people
the opportunity to come in person to learn has helped me immensely. The review guide also really
helped to prepare me for the last exam.
Having examples to go through and people to go through them with.
Examples
Going back through the notes and trying to understand.
I think the lecture examples have been very helpful as well as the way the material is explained in
lecture.
Personally going into in person classes has greatly benifited. I think the way you teach is helpful to
me. I also really like when we do get to go over examples in class and you give us 5 minutes or so to
start and see how far we get. The poweroints are also very well done and help a lot.
Working through examples in calss, and having the Outlined notes provided for us. In addition, I
apprecitate that you post the recordings of lecture on Canvas. It helps me be able to go back and look
over certain topics that I missed.
Lecture and handouts are very well organized and easy to follow. Professor is caring about students
and concerned with their learning, which makes the class very enjoyable. Making connections from
the material with real world applications also enhances my understanding of concepts.
The examples
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The handout slides to follow along and take notes on. Along with the examples explained. Teaching
style allows students to participate in class.
in class examples.
Question 2

What suggestion(s) can you make that would enhance your learning experience in this
class?
Answers
Just continued examples are the best way to continue learning. I am not sure of anything else that
would help with this class. The material itself is just alot to handle at once.
Try more examples during lecture time or add more review/practicing sessions after class.
I think the class structure is fine and I wouldn't change anything.
I love this class!
Covid has got my motivation in the bottom of the boiler room...I think I would be doing great in this
class if wasn't the Spring of 2021.
maybe try getting a tablet to write on and have a projector that shows what you are writing. When
lecturing, you can switch between the slides and the tablet.
It would be more efficient the problems could be solved through the share screening not writing on
the board.
I think it would be incredibly helpful if you did a recorded extra "lecture/review" on each chapter just
solving problems. If you did that, I could watch those and get a better understanding of when
problems have different ways to approach and then come to office hours with better questions
because there willÂ be more than one problem to ask about
I think that revising the homework structure would really help this class. Make the homeworks about
specific topics we learned within the last week rather than big assignments with lots of different
topics. Overall, I think you are doing a great job teaching the class. I think I have learned a lot about
cycles. Right now it just doesn't feel like I know what I know.
Doing the examples in class on the slides (like you did last semester for thermo 1) would make it a lot
easier to go back through them after the fact, or easier to see/understand if we have to watch the
recording.
Besides taking this class, not in a pandemic, I think focusing on examples and giving exam reviews
with lots of examples helps
Give more example problems.
The length of the homework assignments is a stressor on me.Â I think I would learn more effectively
with fewer problems, as I feel rushed to complete all of them before the deadline, so I can't
comprehend the material as thoroughly as I could with fewer problems.
Maybe a shortened homework of sorts
Perhaps have some sort of incentive for people that show up to class/zoom consistently. I have
missed a couple classes so this would not necissarily apply to myself, but maybe for the students that
show up to at least 90 percent of the lectures on person/Zoom, they get a 1 percent increase on their
final grade...or something along those lines might help more people show up to class.
As I told Dr. Ghashami personally, his teaching style matches my learning style, so I don't believe any
changes are necessary.
More examples.
more time spent on exam like problems.
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As can be seen from these responses, the students believe that including more examples in the lectures can
significantly help their learning process. To address this, the author held an extra session every week on
Mondays in April just dedicated to problem-solving. Many students showed up for these sessions and it
was highly appreciated by students in their end-of-the-semester survey. The author believes that the extent
of the materials that need to be covered during a semester for MECH 300 does not allow enough example
solving during lecture times. The author suggests that adding review sessions held by the TA can help
resolve this issue in the future. In addition, it was concluded that the students are benefiting from the new
teaching style where they were given organized lecture notes, slides, and videos to work on before, during,
and after each lecture. This in particular helped them during a pandemic since they were not always able to
make it to in-person lectures. At the same time, for those who were truly interested in learning more than
the textbook, there was always material provided to help them learn beyond the mandatory basics of the
course.
4.2. Analysis of the Exams Scores
As mentioned previously, the first midterm exam covers the review topics from thermodynamics (MECH
200) with their applications in some of the thermodynamics cycles. The second midterm exam covered the
topics of the Brayton and Otto Cycles with some parts of the Rankine Cycles. Exam 2 and its solution are
provided in Appendices 6.8, 6.9. The final exam was comprehensive and covered all the materials discussed
in class. It was pointed out that the focus of the final exam will be on the Rankine cycle and HVAC analysis
during the review sessions. A comparison of the individual grades for these three exams is illustrated in
Figure 1. The grades are randomly plotted to protect students' identities. It can be seen that the grades have
improved throughout the semester for most individuals. The reason for the relatively low mean of the
midterm exam 1 is the fact that many of the students had passed the MECH 200 course more than a year
ago with a different instructor. It took them some time to get on the same page with the rest of the class
who has passed the course with the author in more recent semesters.

Figure 1. Comparison of individual grades throughout the semester for the three main exams.
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A comparison of the aggregate statistics is provided in Table 1. In general, it can be seen that the grades
have improved significantly from exam 1 to exam 2, and from exam 2 to the final exam. This improvement
can be related to several factors. First, the students got a chance to acclimate to the teaching style and also
refreshing their minds about the principles of thermodynamics. Second, the number of the examples in each
lecture was increased per their request and on top of that, the addition of the extra review sessions helped
this trend. Third, the students started to engage more by working on the assigned course project and their
learning was reinforced due to their interaction with their peers within their groups.
Table 1. A comparison of the aggregate statistics of the three exams for the MECH 300 in Spring 2021.

Exam
Midterm Exam 1
Midterm Exam 2
Final Exam

Minimum
13
32
29

Maximum
112
105
110

Median
55
72
78.5

Mean
57.12
71.54
75.69

4.3. Analysis of the Course Project Scores
The aggregate statistics of the scores for the course project in MECH 300 are shown in Table 2. It can be
seen that the grades are high. This is because the points were not deducted if there were partial errors in the
project. The students were encouraged to collaborate with each other and the grades were mainly based on
the team effort and their progress. This helped to give students some peace of mind to not worry that much
about the grades and instead focus on helping their team to accomplish as much as possible.
Table 2. Statistics of the project scores for MECH 300 in Spring 2021.

Project
Spring 2021

Minimum
92

Maximum
100

Median
100

Mean
98.5

4.4. Analysis of the Student Survey
The end-of-the-semester course survey was used to probe the feelings and thoughts of the students regarding
the effectiveness of the new approach for delivering the course and in particular, the course project. The
students are asked in their course evaluations to provide specific information regarding things that help and
hinder learning. Here are some of the most important statistics from their feedback.
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Figure 2. The results of the student’s survey for the six important questions on their learning process in MECH 300.

The feedback received in the survey shows that the students strongly felt that they have been challenged to
learn a lot in this course. Since this has been the very first time that the author has offered this course in the
department, there is no comparison to previous semesters to evaluate the effectiveness of the new teaching
approach. However, the comments received at the end of the survey (Appendix 6.11) prove the fact that the
students had realized very early in the semester that they have to put real effort into this course to do well
in it. In addition, it can be seen that the students have acknowledged the chance of learning from their peers
and as a teamwork throughout the semester. This is very important as it has been one of the main purposes
of this new method. The extent of the favorable comments outnumbers the complaints about addition of a
project, which clearly indicates the positive impact of the course project on their learning process.
5. Summary and Reflection
5.1. Summary
This portfolio accomplished two aims: first, the portfolio documented the author’s approach to teaching
and provided an opportunity for the author to reflect on and improve his approach; second, this portfolio
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evaluated the effectiveness of the new approach for delivering the course project. The approach is mainly
evaluated based on the comments and feedback received from the students from the surveys. It is difficult
to draw too many conclusions from the implementation of a new approach to the course project in a single
semester due to other factors that come with a cohort of students. Thus, my plan is to continue with this
new method for the next semesters and keep reevaluating the outcomes from students’ learning.
5.2. Reflection and Future Changes
After putting together this portfolio, the author believes that the notion of adding a mandatory project to
MECH 300 is highly valuable and rewarding for students. However, due to a shortened semester compared
to the normal semesters, many students complained about a lack of sufficient time to spend on the project
and having many other tasks and assignments for other courses due by the end of the semester. This seemed
to have caused some distress for some students. The author believes that the situation would have felt very
different if the students were given more time (including spring break) and the dead week to let their projects
and assignments be more spread out.
In addition, the use of EES was highly criticized by students as they were reluctant to spend extra time to
teach themselves some new programming language. In the end, the students expressed their appreciation
for being given a chance to get to know a common commercial software used in real thermodynamics
analysis. One concern to be considered in the future was that the allocated license for EES stopped working
a few weeks before the deadline. The issue was caused because of a change of IP addresses by the IT staff
which prevented the computers to get connected to the EES servers. It took about 10 days to fix the problem
and this caused additional confusion and difficulty for both students and the instructor. The author suggests
that the license should be provided to each individual student to help them install it on their personal
machines. This gives them access to the EES by either being on campus or connecting to the campus
network via VPN. This way, they can start using EES more frequently in their other courses such as fluid
mechanics and heat transfer.
As discussed previously, the inclusion of the course project seemed to have integrated more interaction and
teamwork amongst the students and the improvement in exam grades shows the positive impact of that on
their exam performance as well. In addition, students have mentioned in the survey that the time spent on
the project with their teammates has strengthened their knowledge and problem-solving skills. Even though
more data and repetition are needed to be able to draw any specific conclusion, the feedback received from
students is highly favorable and the author is planning to use the same approach with some minor changes
in the future semesters when teaching this course.
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